INTRODUCTION
Regulatory T (Treg) cells expressing X-chromosome-encoded transcription factor Foxp3 represent a specialized lineage of T lymphocytes whose key function is suppression of T cell responses to self, the commensal microbiota, and dietary and environmental antigens (Josefowicz et al., 2012; Sakaguchi et al., 2008) . Congenital deficiency in Treg cells in mice and humans-or their acute elimination-results in fatal autoimmunity, associated with splenomegaly and lymphadenopathy and destructive inflammatory damage to numerous non-lymphoid organs, including the lung, stomach, small and large intestine, pancreas and other endocrine glands, liver, and skin (Fontenot et al., 2003; Khattri et al., 2003) . In addition to the maintenance of immunological tolerance to ''self'' and non-''self'' antigens that the organism is chronically exposed to, Treg cells have been implicated in limiting immune responses to acute and chronic microbial infections and also limiting corresponding tissue damage (see for review Josefowicz et al., 2012 and VeigaParga et al., 2013) . Treg cells employ multiple mechanisms of suppression (Josefowicz et al., 2012) , and genetic ablation of the T cell receptor (TCR) in differentiated Treg cells recently revealed that TCR signaling is prerequisite for their suppressor function (Levine et al., 2014) .
Aside from limiting tissue damage through suppression of inflammatory responses following infection, Treg cells may promote tissue repair. One way in which Treg-cell-mediated tissue repair is thought to occur is by suppressing pro-inflammatory chemokine production, endothelial cell activation, and proinflammatory responses of cells of the innate and adaptive immune system (Burzyn et al., 2013a) .
In addition to secondary lymphoid organs, Treg cells reside within a number of non-lymphoid organs, where circulatory Treg cells are rapidly recruited, and the resident Treg cells expand upon tissue damage or injury (Burzyn et al., 2013a; D'Alessio et al., 2009) . Therefore, we reasoned that, in addition to their aforementioned indirect role in response to tissue injury and stress, Treg cells likely play a direct role in tissue repair and function by elaborating mediators acting on parenchymal cells. In support of this idea, analysis of published datasets and unpublished data from our laboratory indicates that tissueresident populations of Treg cells exhibit features evoking tissue-remodeling capability (data not shown) (Burzyn et al., 2013b) . Specifically, the epidermal growth factor receptor (EGF-R) ligand amphiregulin is expressed in Treg cells isolated from visceral adipose tissue (VAT), muscle, and the intestinal lamina propria (LP) during inflammation (Burzyn et al., 2013b; Cipolletta et al., 2012; Feuerer et al., 2009; Schiering et al., 2014) . Amphiregulin plays an important role in development and maintenance of numerous organs, including mammary glands and ovaries. It also promotes repair under inflammatory conditions and organ injury by acting locally in its membrane-bound form and upon its cleavage, primarily by TACE (ADAM17) protease (Berasain and Avila, 2014) .
As indirect evidence of a biological role for amphiregulin production by Treg cells, acute ablation of Treg cells during muscle injury has been shown to impede tissue repair and could be ameliorated by administration of recombinant amphiregulin protein (Burzyn et al., 2013b) . However, amphiregulin production by multiple cell types, including group 2 innate lymphoid cells (ILC2), and basophils has been implicated in tissue repair (Meulenbroeks et al., 2015; Monticelli et al., 2011) . Furthermore, it is not clear to what extent therapeutic dosing of recombinant amphiregulin corresponds to its physiological systemic and local concentrations (Berasain and Avila, 2014) . Therefore, it is possible that systemic delivery of amphiregulin can override compromised tissue repair resulting from Treg cell depletion. Moreover, several recent studies suggested that amphiregulin produced by mast cells and basophils has a non-redundant immunosuppressive function and that amphiregulin may act in an autocrine manner on Treg cells to facilitate their suppressor capacity (Meulenbroeks et al., 2015; Zaiss et al., 2013 Zaiss et al., , 2015 . Thus, it remains unknown whether its production by Treg cells has a distinct non-redundant role in, or is dispensable for, tissue repair or whether amphiregulin expression by Treg cells has immunosuppressive function along with other mediators.
We sought to unequivocally address these questions and test the hypothesis that amphiregulin production by Treg cells defines their distinct tissue repair modality. The absence of Tregcell-derived amphiregulin conferred a marked increase in acute lung damage upon influenza virus infection, whereas viral load and T cell responses were unaffected. Our results suggest that Treg cells can adopt distinct-albeit non-mutually exclusiveeffector states depending on the type of activating stimuli they receive. Through coordinate utilization of these effector mechanisms, tissue-resident Treg cells are capable of acting as universal sentinels of mucosal barriers-rapidly responding to tissue damage and immune-mediated inflammation to promote tolerance, tissue repair, and restore function.
RESULTS

Treg-and T-Cell-Specific Ablation of Amphiregulin
Knowing that both Treg cells and conventional T cells have been reported to produce amphiregulin during an immune response (Burzyn et al., 2013b; Jamieson et al., 2013; Qi et al., 2012; Zaiss et al., 2006) , we assessed its production by purified T cell populations following in vitro stimulation. T cells isolated from the spleen and axillary and inguinal (pLN) and mesenteric (MLN) lymph nodes, as well as from the lung and large intestine lamina propria (LILP), produced amphiregulin upon stimulation with phorbol-12-myristate-13-acetate (PMA) and ionomycin, albeit to different extents ( Figure 1A ). Further analysis of the cell-surface phenotype of amphiregulin-producing Foxp3 -cells (Figure S1) showed that the majority of amphiregulin + cells exhibited very low expression of the homing receptor L-selectin (CD62L) and high expression of CD44, whereas naive T cells failed to produce amphiregulin (data not shown). Similarly, amphiregulin-producing Treg cells were also mostly CD44 hi CD62L lo and exhibited elevated expression of CD103, PD-1, GITR, CTLA-4, and KLRG1 in comparison to their amphiregulin-negative counterparts, in agreement with two recent studies (Burzyn et al., 2013b; Qi et al., 2012) (Figure 1B ). Considering that a large number of Treg cells expressing amphiregulin also exhibit higher levels of effector molecules that are important for their suppressor function, we sought to unequivocally define the role and function of amphiregulin expression by Treg cells using conditional genetic deletion.
Mice Figure S1 .
LILP ( Figure 2A ; data not shown). Animals were born in normal Mendelian ratios with no gender bias, suggesting that T-cellrestricted amphiregulin deficiency-contrary to its germline deficiency-did not impair normal reproductive organ development (data not shown) (Berasain and Avila, 2014) . Furthermore, animals with amphiregulin deficiency in either or all T cells (CD4-cre) showed similar frequencies and numbers of B or T cells and activated T cells, assessed by CD44 expression, to those found in littermate controls up to $4 months of age (Figures 2B and S2 ; data not shown). Germline Areg deficiency had previously been shown to result in skin and intestinal abnormalities exacerbated upon exposure to ionizing irradiation (Shao and Sheng, 2010; Zaiss et al., 2013) . In contrast, in unchallenged mice, pan-T or Treg-cell-specific Areg deletion resulted in no gross phenotypic or histological abnormalities (data not shown).
Further assessment of CD4 + T helper (Th) cell subsets following in vitro stimulation of lymphocytes isolated from various secondary and non-lymphoid tissues indicated that amphiregulin deficiency did not influence the frequency or total number of Th1, Th2, and Th17 cells ( Figure 2C ). Taken together, these data suggest that, in a physiologic setting, amphiregulin expression by T cells is dispensable for either organ development or the differentiation of lymphocyte populations or their effector Th cell polarization.
Amphiregulin Deficiency Does Not Affect Treg Cell Suppressor Function
Recently, it was proposed that amphiregulin produced by Treg cells may act in an auto-or paracrine manner to activate EGF-R expressed on Treg cells and enhance their suppressive capacity (Zaiss et al., 2013 Figure 3A) . Irrespective of whether responder or Treg cells were proficient or deficient for amphiregulin, a similar degree of suppression was observed ( Figure 3B ). Furthermore, antigen-presenting cell (APC)-stimulated amphiregulin-deficient effector (''effector only'') or suppressor (''Treg only'') cells responded identically to their amphiregulin-sufficient counterparts ( Figures 3A and 3B) . Thus, amphiregulin production by T cells is dispensable for suppressing immune activation in vitro.
Nevertheless, it was possible that we may have missed a potential modulatory role of amphiregulin in T cell responses. In this regard, amphiregulin elaborated by bone marrow-derived cells was suggested to promote Th2 responses during worm infection (Zaiss et al., 2006 LP, large intestine lamina propria (LILP). Data shown are representative of more than 3 independent experiments (n R 3 mice per each group). See also Figure S2 .
effector T cell activation or cytokine production. In the presence of amphiregulin, we observed comparable frequencies of cells producing IFNg, IL-5, IL-13, and TNF-a within each set of polarization conditions when compared to controls ( Figure 3C ). Since conventional Foxp3 -CD4 + T cells were also proficient for amphiregulin production, it was possible that amphiregulin produced by these cells could increase the immunosuppressive capacity of nearby Treg cells. However, consistent with some previous reports, we failed to observe EGF-R expression or signaling in Treg cells or an effect of endogenous amphiregulin expressed in T cells or rmAREG in enhancing the induction or proliferation of Treg cells in vitro ( Figure 3B ; J.A.G. and A.Y.R., unpublished data) (Burzyn et al., 2013b and monitored for signs of immune activation. Whereas animals that received effector CD4 + T cells alone succumbed to autoimmune disease $5 weeks after transfer, those that received amphiregulin-sufficient and -deficient Treg cells were equally protected, showed no histopathological sequelae, and exhibited comparable numbers, activation status, and pro-inflammatory cytokine production by effector T cells ( (Brincks et al., 2013; Jamieson et al., 2013; Monticelli et al., 2011) . In addition, flu infection enables tracking of virus-specific immune responses, as well as pathogen and antigen load in the affected tissue (Bedoya et al., 2013; Brincks et al., 2013; Moser et al., 2014) . Intranasal infection of mice with influenza A virus strain A/Puerto Rico/8/34 (PR8) encoding H-2K b ovalbumin peptide epitope, OVA 257-264 (PR8-OTI), induces robust alveolar epithelial damage early after infection, and the virus-specific T cell response is required for viral clearance (Epstein et al., 1998) . Since multiple cell types are capable of amphiregulin production, we first sought to assess dynamics of amphiregulin expression during the course of infection. We observed a rapid increase in both transcript and protein levels of amphiregulin in wholelung tissue homogenate beginning at day 3 post-infection, followed by a decrease after day 5 ( Figure S3A ). The observed changes in total amphiregulin amounts in the infected lungs tightly corresponded with an increase in amphiregulin production by lung Treg cells assessed by flow cytometry, with amphiregulin staining performed directly following ex vivo isolation of cells ( Figure 4A) . The observed high level of amphiregulin expression by lung Treg cells was not a result of its buildup due to an impaired proteolytic cleavage of cell-surface-bound amphiregulin, as evidenced by a marked increase in amphiregulin staining following in vitro incubation of lung lymphocytes with the matrix metalloproteinase (MMP) inhibitor, marimastat, when compared to control ( Figure S3B Figures 4D and 4E ). In addition, cytokine production by lung T cells was comparable in all groups of mice ( Figures 4F and 4G) . Importantly, similar antigen-specific T cell expansion and activation was accompanied with a comparable viral load in control mice and those harboring amphiregulindeficient Treg cells or all T cells ( Figure 4H ). Thus, amphiregulin production by Treg cells was fully dispensable for Treg-cellmediated suppression of anti-viral immunity.
To account for a potential role of Treg-cell-derived amphiregulin in tissue repair, we assessed physiological and histological parameters of lung damage following infection. In the absence of amphiregulin production by Treg cells, we observed a rapid decline in lung function, as measured by pulse oximetry, with average blood oxygen saturation levels falling below 80% as early as day 4 and below $60% at later time points post-infection of Areg See also Figure S4 .
Areg
Fl/Fl CD4-Cre ( Figure S4A ) mice suggested that Treg cellsnot effector T cells-serve as a key source of amphiregulin and was consistent with the dynamics of amphiregulin produced by lung adaptive and innate lymphocyte subsets ( Figures 4A, 4B , and S3D). Furthermore, histopathological analysis revealed a markedly increased severity and extent (E1) of overall tissue damage, as quantified by bronchial epithelial loss (BEL), lymphoid aggregation (LA), and increased accumulations of cell debris and edema (AE) in the alveolar space of mice lacking amphiregulin in Treg cells or in all T cells ( Figures 5B-5D CD4-cre mice exhibited increased staining throughout sections. Thus, despite comparable control of viral replication, viral proteins were diffusing-most likely with necrotic debris and edema fluid-into the parenchyma, potentially impeding the transfer of oxygen into circulating blood ( Figures 5F, 5G , and S4B). The observed decrease in blood oxygenation was unlikely a result of increased microbial translocation due to increased gut permeability because C-reactive protein (CRP) and serum LPS levels were unaffected (Figure S4D; Figure S4F ). These results demonstrate a key role for Treg-cell-derived amphiregulin in mediating tissue protection and maintaining barrier integrity in response to infectious stimuli-induced tissue damage.
IL-18 and IL-33 but Not TCR Signaling Elicit Amphiregulin Production in Treg Cells
We next questioned whether amphiregulin production by Treg cells-a distinct functional modality for promoting tissue protection-is mobilized in response to the same or separable cues from those eliciting their suppressor function, the latter being elicited by, and dependent upon, TCR signaling (Levine et al., 2014; Wu et al., 2006 ). Thus, it was possible that amphiregulin production is also induced in response to TCR signaling to simultaneously invoke Treg cell suppressor and tissue repair function. Alternatively, inflammatory mediators or alarmins released upon tissue damage might serve as distinct and biologically relevant cues for amphiregulin production in Treg cells. Indeed, previous studies showed that the alarmin IL-33 induces amphiregulin production in lung ILC2 in vitro, and high levels of amphiregulin expression were reported in ST2-expressing Treg cells in the gut and VAT (Burzyn et al., 2013b; Cipolletta et al., 2012; Feuerer et al., 2009; Monticelli et al., 2011; Schiering et al., 2014) . Thus, alarmins IL-33 and IL-1a and inflammatory cytokines IL-18 and IL-1b, prominently expressed at mucosal epithelial surfaces, were likely candidates to mobilize an amphiregulin-dependent tissue repair functionality of Treg cells.
To test this hypothesis, FACS-purified GFP + Treg cells from Foxp3 GFP mice were incubated in vitro with IL-33, IL-18, IL-1a, IL-1b, or related cytokines IL-36a, b, or g in the presence of IL-2 and IL-7, with or without stimulation with CD3 and CD28 antibody-coated beads. Quantification of cell-associated and secreted amphiregulin by flow cytometry and ELISA, respectively, showed that both IL-18 or IL-33 stimulation led to a marked increase in the level of secreted amphiregulin and was independent of TCR engagement, whereas IL-1a, IL-1b, and IL-36 family members failed to increase amphiregulin over 4 days in culture ( Figures 6A and S5A ). Amphiregulin production was limited to Treg cells expressing receptors for IL-18 (IL18R1; CD218a) and IL-33 (ST2), and amphiregulin secretion was dependent on receptor expression (Figures S5B and S5C ; data not shown). Although IL-18 and IL-33 aided Treg cell expansion, amphiregulin protein levels produced on a per cell basis were still markedly increased ( Figure 6B ). In contrast, TCR stimulation in the presence of IL-2 induced proliferation and production of IL-10, whose non-redundant role in Treg cell suppressor function has been well documented ( Figure 6C ) (Asseman et al., 1999; Rubtsov et al., 2008) . Notably, TCR stimulation not only failed to potentiate amphiregulin production on a per cell basis but also led to a reduction in cell-associated amphiregulin levels, likely due to expansion of amphiregulin-negative cells ( Figures  6B and 6D ). These results support the idea that amphiregulin is produced in response to signals distinct from those eliciting suppressor function. Next, we assessed lung tissue levels of IL-18 and IL-33 and expression of their receptors, IL-18R and ST2, respectively, and amphiregulin production by lung Treg cells after influenza infection. Throughout the course of the infection, ST2 was present on no greater than $50% of cells staining positively for amphiregulin, and at day 3 post-infection, when Treg cells first began expressing detectable levels of amphiregulin, only $30% of cells were positive for both amphiregulin and ST2 ( Figure 6E Figure 6G ). Consistent with these observations, IL-18 was present at approximately two log higher concentration than IL-33 in BAL fluid 5 days post-infection (data not shown).
To investigate whether Treg cells are capable of producing amphiregulin in a TCR-independent manner in vivo, previously characterized Tcra wt/Fl Foxp3 eGFP-Cre-ERT2 mice were treated with tamoxifen 14 days prior to infection with PR8 influenza virus to ablate TCR in a portion of Treg cells due to Tcra allelic exclusion. Efficient production of amphiregulin by ex-vivo-isolated TCR-deficient Treg cells on day 5 post-infection was indicative of independence from TCR signaling ( Figure 6H) . Thus, these studies suggested that the amphiregulin-mediated tissue protective function of Treg cells is induced in response to distinct cues, namely, inflammatory mediator IL-18 and alarmin IL-33, but not TCR signaling, which promotes suppressor function.
Our finding that the majority of amphiregulin-producing Treg cells expressed IL-18R presented an opportunity to explore the transcriptional features associated with amphiregulin expression in Treg cells and their tissue repair function. For mice were gavaged twice with tamoxifen to induce deletion of a conditional Tcra allele and TCR ablation. Two weeks later, treated mice were infected with 0.5 LD50 PR8-OTI, and lung leukocytes were analyzed directly ex vivo by flow cytometry for amphiregulin production on dpi 5 using intracellular staining. Representative histograms (left) and MFI plots ( In addition, the IL-10 + IL-18R -Treg cell subset showed a statistically significant increase in amounts of IL-18R (Il18r1) mRNA in comparison to the IL-10 -IL-18R -Treg cell subset, suggesting that some of the former may have been stimulated by IL-18, but downregulated IL-18R on the cell surface. Finally, it must be noted that the increased amphiregulin mRNA amounts does not necessarily mean that membrane-bound or secreted amphiregulin protein is also expressed.
A number of genes unique to IL-10 + IL-18R -Treg cells have previously been shown to correlate with high immunosuppressive potential ( Figure 7C ). Interestingly, this gene set was highly reminiscent of those previously reported in Treg cells isolated from VAT during high-fat-diet-induced obesity and from injured skeletal muscle (Burzyn et al., 2013b; Cipolletta et al., 2012; Feuerer et al., 2009) . Of these genes, the most pronounced overlap was observed for genes related to Treg cell suppressor function, e.g., Lag3, Gzmb, Tnfrsf8 (CD30), and Entpd1 (CD39) (Josefowicz et al., 2012) . This pattern highlighted the notion that lung IL-10-producing Treg cells from infected mice exhibited high immunosuppressive potential. Analysis of transcripts selectively Figure 7C ) suggested that the former population is proficient in extracellular matrix (ECM) remodeling and tissue repair. Genes expressed by this population encompass core matrisome and matrisome-associated components (http://matrisomeproject. mit.edu). These results suggest that Treg cells capable of tissue repair exhibit a discrete gene expression pattern consistent with the idea that distinct contextual inputs facilitate Treg cell tissue repair and immunosuppressive effector modalities.
DISCUSSION
It has been proposed that Treg cells serve multiple functions beyond their initially characterized role in suppressing autoimmunity (Burzyn et al., 2013a; Josefowicz et al., 2012) . Depending on tissue localization, transcription factor expression, and activation status, Treg cells may adopt specialized capabilities for affecting function of hematopoietic and non-hematopoietic cells. Here, using influenza lung infection as a model of pathogen-induced immunity, inflammation, and tissue damage, we demonstrate an essential role for Treg cells in tissue protection-separable from their well-established function in suppression of the immune response. The ability of Treg cells to preserve lung structural and functional integrity early during influenza infection was conditional upon their production of amphiregulin.
Recently, Treg cells have been implicated in response to tissue damage based on an impairment in muscle regeneration observed upon systemic Treg cell ablation following muscle injury, with systemic administration of recombinant amphiregulin capable of rescuing the defect (Burzyn et al., 2013b) . However, acute Treg cell deficiency results in autoimmunity, with massive expansion and recruitment of pro-inflammatory monocytes and activation of myeloid cells, which fuel severe inflammation and tissue damage (Kim et al., 2007) . Furthermore, generalized delivery of amphiregulin is capable of rescuing tissue function in a variety of settings, including lung failure during bacterial and viral co-infection, and many cell types are capable of producing amphiregulin, including basophils, ILC2, mast cells, Treg, effector CD4 and CD8 T cells, and smooth-muscle cells (Deacon and Knox, 2015; Jamieson et al., 2013; Zaiss et al., 2015) . Treg cells muffle pro-inflammatory gene activation; the blunted recruitment and responses of inflammatory cells curtail positive-feedback loops mediated by activated T cells and promote a switch from an inflammatory to a tissue repair program. Thus, it is possible that the impairment in tissue repair observed in the absence of Treg cells was an indirect consequence of increased systemic immune activation and inflammation.
Our study suggests that Treg cells have the capacity to directly exert tissue repair function, at least in part, through production of amphiregulin. Although seemingly unexpected in light of the aforementioned multiple cellular sources, the non-redundant role for amphiregulin produced by Treg cells was consistent with our finding that they represented the most numerous cellular source of amphiregulin mobilized early in the response to tissue damage. It must be noted that Areg Fl/Fl 
Foxp3
YFP-cre mice cleared the infection, and lungs were eventually repaired likely due to contribution of amphireglin, produced by other cell types, and of epiregulin and EGF, which, together with amphiregulin, act upon an overlapping set of receptors. The importance of amphiregulin production by T cells was dependent on the extent of infection-induced damage because we observed comparable lung function in mutant and wild-type mice upon low-dose flu infection (data not shown). It is also likely that the outcome of Treg-cell-restricted amphiregulin deficiency could be much more dramatic upon bacterial co-infection.
Recently, ILC2-derived amphiregulin was shown to be similarly required for limiting lung tissue damage in influenza-virusinfected Rag1 À/À mice lacking T and B cells (Monticelli et al., 2011 (Bedoya et al., 2013; Brincks et al., 2013; Moser et al., 2014) . In light of these results, it is important to emphasize that no detectable impairment in Treg cell suppressor capacity or their numbers or activation status was observed in unchallenged animals, in settings of T cell-mediated systemic autoimmunity, or during infection. These findings were contrary to previous conjecture of an autocrine role for amphiregulin in immunosuppression (Meulenbroeks et al., 2015; Zaiss et al., 2013 Zaiss et al., , 2015 .
In contrast to TCR and IL-2 signaling-induced suppressor function, Treg cell tissue repair capacity manifested by production of amphiregulin was not facilitated in an ''adaptive manner'' by TCR engagement in vitro or in vivo. In contrast, it can be induced in an ''innate'' manner by IL-18 and IL-33, whose release is associated with inflammation and tissue injury. Although the extent of their relative contribution to the induction of a Treg cell tissue repair modality in vivo remains to be experimentally tested, the majority of IL-18R-expressing Treg cells produced amphiregulin in the lungs of infected animals. Particular transcriptional features of these cells suggested that they were proficient in tissue protection or repair. It is noteworthy that Treg cells isolated from other tissues, including injured skeletal muscle, inflamed colon, and adipose tissue, express ST2 and IL-18R (Burzyn et al., 2013b; Harrison et al., 2015; Schiering et al., 2014; Vasanthakumar et al., 2015) . Our analysis of influenza infection in mixed bone marrow chimeras generated upon transfer of IL-18R-deficient and Foxp3-deficient bone marrow cells into irradiated lymphopenic recipients also supported a prominent role for IL-18R signaling in Treg cells for their tissue protective function in vivo (S.H., N.A., and A.Y.R., unpublished data). Our studies suggest that IL-18 likely has a dual role in promoting inflammatory responses when acting upon immune effector cells and alleviating or preventing tissue damage and loss of tissue function when acting upon Treg cells. Such a dual role for IL-18 is reminiscent of IL-2, which promotes both effector T cell responses and Treg cell suppressor function (Liao et al., 2013 ).
In conclusion, our study provides evidence that Treg cells have a distinct function in protective responses to tissue injury, repair, and maintenance and that this function of Treg cells is invoked in response to cues that are separable from those invoking their suppressor capacity.
EXPERIMENTAL PROCEDURES Mice
Areg
Fl/Fl mice were generated using mouse B6 ES cells obtained through the 
Cell Isolation
Spleens and lymph node cell suspensions were prepared and red blood cell (RBC) were lysed using ammonium chloride (ACK; Sigma) buffer followed by repeated washing in RPMI1640 medium, 5% fetal bovine serum (FBS; Corning). For isolation of lymphocytes from lung and LILP, tissues were digested with collagenase A (1 mg/ml, Roche) and DNase I (0.5 mg/ml, Roche) in RPMI1640 for 30 min at 37 C. For some experiments, CD4 + T cells were enriched using the Dynabeads FlowComp mouse CD4 kit (Life Technologies) and sorted using an Aria II cell sorter (BD Biosciences).
In Vitro Assays
For the analysis of amphiregulin production, ex vivo isolated cells were stimulated, where noted, with PMA (50 ng/ml, Sigma) and ionomycin (1 nM, Calbiochem) for 3 hr in the presence of marimastat (10 mM, Sigma) and GolgiPlug (brefeldin A) and GolgiStop (monensin; BD Biosciences) or stained directly ex vivo following isolation from infected lungs. Secreted amphiregulin and IL-10 were quantified using mouse Amphiregulin DuoSet (R&D) and IL-10 Ready-SET-Go! (eBioscience) ELISA kits. In vitro suppression assays were performed as previously described (Arpaia et al., 2013) . For a complete list of recombinant cytokine concentrations and in vitro polarization conditions, see the Supplemental Experimental Procedures.
Influenza Virus Infection
Recombinant influenza A strain PR8-OTI (H1N1) was grown for 40 hr in the allantoic cavity of 10-day-old embryonated chicken eggs (Charles River) and titer was determined by plaque immunostaining. For details, see the Supplemental Experimental Procedures.
RNA Sequencing
Treg cells isolated from lungs of flu-infected Il10 GFP Foxp3 Thy1.1 mice were FACS sorted directly into TRIzol LS reagent (Life Technologies) based on expression of GFP and IL-18R (CD218a) staining at 5 days post-infection. Extracted RNA was amplified by SMART amplification (Clontech) prior to generation of cDNA libraries (see the Supplemental Experimental Procedures).
Statistical Analyses
Unless otherwise noted, data are presented as mean ± SEM, with significance calculations determined by Student's t test or ANOVA using Prism software (GraphPad). A value of p > 0.05 was deemed not statistically significant (ns); *p % 0.05, **p % 0.01, ***p % 0.001, and ****p % 0.0001.
